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Abstract for its ruggedness and quantum efficiencyx(5 10

] ) ) The 2 MeV bunches generated by the drive gubse-
The Argonne Wakefield Accelerator is comprised of tW@yyently go through two standing-wave/ 2 mode linac

L-band photocathode RF guns and standing wave “n?gnks, increasing the beam energy to about 14 MeV. The

structures. The high charge bunches (20 - 100 nC) prga ' is then focused by quadrupoles and bent by three

duced b.y the main gun (dr_ive gun) a!lovx{ us to study th&ipoles to allow for the injection of both the drive beam
generation of wakefields in dielectric lined structure

: nd the witness beam into the wakefield experimental
and plasmas. The secondary gun (witness gun) generaé‘(gée

Ztion. The witness gun [2] is a 6-cell standing-wave
low charge bunches (80 - 300 pC) that are used to pro 12 mode structure that generates 4 MeV bunches of
the wakefields excited by the drive bunches. We us

insertable phosphor screens for beam position monit 00 pC. Its photocathode material is presently copper,

ing. Beam intensity is measured with Faraday cups al it a changtihto mz?]gnesugr_n .W'” ocgur soodn.”']l'he twhltnesrs]
integrating current transformers. Quartz or aerogel Cel?—eam goes through combining OpUCs an en throug

enkov radiators are used in conjunction with a Haméhe dielectric-loaded structure trailing the drive beam,

matsu streak-camera for bunch length measuremenﬁlg.eery probing the wakefields excited by the drive

The beam emittance is measured with a pepper-pot pIé’[ﬂnChes' Energy changes of the witness beam are meas-
and also by quadrupole scan techniques. We presen red .by a_spectrometer I.ocated downstream of the
description of the various diagnostics and the results kefield experimental section. .

the measurements. These measurements are of particular The two RF. guns and the two linac structures- are
interest for the high current (drive) linac, which operateBowered by a single Klystron (Thomson TH2022D; 20

in a much higher charge regime than other photoinjeMW’ 4 Hs pulses), via necessary power _spliters and
tor-based linacs. phase shifters. The laser system is comprised of a dye

oscillator (496 nm) pumped by a tripled YAG, which is
1 EXPERIMENTAL SETUP then foIIowed. by a dye _gmplifier, a doubling crystal and
finally an excimer amplifier. We thus obtain laser pulses
The Argonne Wakefield Accelerator (AWA) group of up to 8 mJ with 6 ps FWHM at 24@n. The laser
operates' two photocathode-based RF guns. One of th%@am is then split and a small fraction offit15%) sent
was designed to produce electron bunches of very high the witness gun. There is an adjustable delay between
charge (up to 100 nC) and short bunch length{38 ps  the drive gun and the witness gun laser beams. This al-
FWHM). The high intensity beam from this gun is usegows us to vary the delay between the drive and the wit-
to excite wakefields in dielectric-loaded waveguides anfess electron bunches (obviously the RF phases have to
also in pre-formed plasma columns. For this reason thig adjusted accordingly, in order to maintain the same
gun is referred to as the "drive gun" (which generates ”F&mching phase).
drive beam). The second RF gun generates electron The AWA control software was developed in house
bunches of lower charge (typically 300 pC) that are useghq is based on the Tcl/Tk scripting language. At the
to probe the wakefields generated by the drive beamgre of the control system is an HP-750 RISC worksta-
This gun is then appropriately called the "witness gun”. tion which is interfaced to VMEbus. The 68060 CPU
Figure 1 shows a schematic of the experimentgjoard on the VMEbus handles command requests from
setup [1]. The half-cell drive gun was designed to haveife workstation and provides auxiliary processing ca-
high accelerating field (92 MV/m at the photocathodgapjlities. Most of the control and monitoring functions
surface) to allow the extraction of high charge bunchege handled through MME-CAMAC parallel bus inter-

and to produce a 2 MeV beam with the limited Rkace. VME boards are used to acquire images and oscil-
power available at the design time (1.5 MW at 1.3 GHz)gscope traces.

Magnesium was chosen for the photocathode material
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Figure 1: Schematic of the AWA experimental setup; S, Q, and D indicate solenoids, quadrupoles and dipoles, re-
spectively.

practice, because emission in quartz occurs at large an-
2 DIAGNOSTICS gles, it is harder to achieve good alignment of the asso-
There are four integrating current transformer&iated optics to transport_the light to the_streak camera.
(Bergoz ICT - 082-070-20:1) installed on the beamlines * PEPPEr-pot plate is used for emittance measure-
to measure bunch charge at various locations. Alterndl€Nts. It consists of a 1.5 mm thick tungsten plate with
tively, we can use insertable Faraday-cups at diagnostice MM diameter holes spaced by 3 mmptosphor
ports along the beamlines and also at the beam-dumgS§€en 75 cm downstréam of the pepper-pot plate is used
The ICTs appear to be more reliable, since they are e42-Mage the resulting beamlets.
ier to calibrate, while the Faraday-cups suffer from sec-
ondary electron emission and electric breakdown due to 3 EXPERIMENTAL RESULTS
the high peak voltages generated. We have measured the bunch length of the drive
Cerenkov light generated by the electron beams am as a function of the RF launching phase, for sev-
sent to a Hamamatsu M1952/C1587 streak camera feral values of the laser beam energy. By varying the la-
bunch length measurements. Insertable quartz or aerogel energy we change the amount of charge emitted by
plates are used as Cerenkov radiators. The aerogelsthe photocathode, and thus the influence of the space-
quire a more elaborate holder, but offer several advanharge force in the dynamics of the electron bunches.
tages over the quartz plates. The aerogels need to be iRigure 2 shows RF phase scans for two different laser
vacuum-tight holder which is inserted in the beam patlbeam energies. In these plots the relative RF phase be-
The electron beam enters our holder through a thin altween the drive gun and the linac tanks was kept con-
minum window (0.15 mm). It then traverses the aerogestant, and only the phase of the klystron power with re-
(under atmospheric pressure) and emits Cerenkov radipect to the laser pulses was changed. The pluw
tion, which leaves the aerogel holder through a quartow the bunch length and the extracted charge vary as a
window. Our aerogels [3] have an index of refraction ofunction of the launching RF phase. We notice that the
1.009, therefore the Cerenkov light is emitted at an angtkependencies on the RF phase are stronger in the higher
of 7.#& with respect to the direction of propagation ofcharge case, since in that case the space-charge forces
the 14 MeV electrons. The light is then reflected by are stronger and it becomes more critical to optimize the
mirror and leaves the vacuum chamber through a diagF fields. It is also important to optimize the focusing
nostic view port. solenoidal fields, otherwise the bunch length may be-
Contrary to the aerogels, quartz plates are contcome much longer and even show a bimodal temporal
patible with the vacuum of the accelerator and can hiistribution of charge.
easily inserted in the beam path. However, due to their Figure 3 shows bunch length as a function of
higher index of refraction (1.54), their Cerenkov light isounch charge. In this plot the RF phases have been set to
emitted at an angle of 49,5making it difficult to col- their optimum values. We have plotted the 95% RMS
lect more than a small fraction of the total cone of ravalue of the bunch lengths and also the corresponding
diation. Multiple reflections within the quartz plate areFWHM. The ratio between the 95% RMS and the
also a problem to be considered. They can be minimiz&¥VHM values shows that the pulsase not gaussian.
by placing the plate such that the radially polarized Ceifhe large fluctuation in the FWHM of the pulses also
enkov light leaves the plate at the Brewster angle. Ishows that the detailed shape of the temporal profile



varies considerably from pulse to pulse. In Fig. 3, the  Emittance measurements of high charge electron
data points represented by circles correspond to the dgams are quite difficult. We attempted to measure the
timum points observed in five RF phase scans (two @mittance of the drive beam with a pepper-pot plate.
which are shown on Fig. 2). The points represented lynfortunately, the resulting images are rather irregular.
squares and triangles were measured when the input Re are now trying to determine if that is caused by
power into the drive gun was at a higher level. We ncscattering on the holes, by nonlinear response of the
tice that the points represented by the triangsjyanbols  phosphor screen, or simply by a very irregular distribu-
indicate remarkably shorter bunches; this is our mosibn of particles in the phase space.
recent data and we are presently performing a more We have measured the normalized emittance of the
comprehensive study of operation near these settings. witness beam by quadrupole scan technigues (&
mrad). This procedure could be applied to the drive
30 T4 — 80 beam, even with its high charge, since we have devel-
A charge g oped a quadrupole scan model that includes space-
charge forces. However, our phosphor screens currently
cannot withstand a focused 100 nC electron bunch.
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(@ We are approaching the design goals of the AWA
0 ‘ ‘ ‘ ‘ 0 facility (100 nC, 25 ps FWHM). There are still many
220 240 260 280 300 320 aspects of the generation of these unprecedented high
20 80 charge, short electron bunches that call for more detailed
®  bunch length studies. While this constitutes an interesting and chal-
4 charge lenging research program in itself, we are concomitantly
proceeding with experiments on plasmas and dielectric
wakefields [4,5].
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Figure 3: Measurements of electron bunch length as a
function of bunch charge. The points represented by
circles correspond to the average of three pulses. The
squares and triangles correspond to the average of ten
and sixteen pulses, respectively.



